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For a majority of ultrasonic nondestructive testing applications, 
the ultrasonic transducer used for transmission is also used for 
reception. When separate transducers are used, the receiving element is 
usually a duplicate of the transmitting element. In this situation, the 
directivity pattern of the transducer(s) is the same for transmission 
and reception. 
It is well established that the amount of energy and the directivity 
patterns reflected from a target (flaw or defect) are highly dependent 
on the type and shape of the target. Further, it is known that the 
directivity pattern of the receiving transducer can inhibit the ability 
to characterize the target. To study these effects, an experiment was 
designed using a nondirectional receiver, coaxially-mounted into the 
transmitting element. The objective was to demonstrate the influence of 
directionality as it relates to target orientation and size. 
THEORY OF OPERATION 
In a previous paper on ultrasonic modeling [1], Green and Mart found 
that for large, smooth, flat flaws, the inspection repeatability and 
detectability of these flaws was greatly reduced by the phase sensitivity 
of the receiving piezoelectric element. Green and Mart hypothesized that 
an ultrasonic transducer, with a receiving piezoelectric element smaller 
than a wavelength, would have superior detection performance when 
inspecting large, smooth, flat flaws. Also, for large flaws, such a 
transducer would, in theory, display less sensitivity to changes in the 
bandwidth and center frequency of the inspection equipment than a 
conventional transducer with a receiving element similar in size to the 
transmitting element. In this article, the previous paper will be 
reviewed, and the performance of smaller flaws will be considered in order 
to provide a limited but sufficient explanation of the experimental 
results. 
The interaction of the frequency response of the acoustic inspection 
system (the combined influence of the flaw and the directivity patterns 
of the transmitting and receiving piezoelectric element) and the frequency 
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spectra of the inspection equipment (bandwidth and center frequency) 
determines the measured response. Green and Mart found that the acoustic 
system frequency responses for specular reflectors (i.e., large, smooth, 
flat flaws) can have minima which result in poor detectability and high 
sensitivity to detection system center frequency. Further, the 
sensitivity grows worse as the inspection equipment bandwidth 
decreases [2]. 
It was also found that the acoustic system frequency response minima 
for large, smooth, flat flaws were due to phase differences in the sound 
incident on the receiving piezoelectric element. In other words, a 
response minimum occurs when the returning wavefront is not parallel to 
the piezoelectric element face. In these instances, a portion of the 
element is in tension and a portion is in compression, thus producing a 
null response. The physical situation is that these large flaws are 
reflecting a directional sound beam that is only a few degrees wide. A 
small change in the sound beam pattern is not enough to cause the 
reflected energy to miss the receiver altogether because 1) the flaw is 
large and therefore the beam is not modified by the reflector, and 2) in 
normal operation, the transducer is positioned for a maximum amplitude 
response for detection. However, a slight change in beam angle is 
sufficient to produce phase differences at the receiving element when 
the wave energy arrives. The effect of receiver phase sensitivity was 
noted earlier by Heyman and Cantrell [3]. 
For small flaws (approximately three wavelengths or smaller), the 
situation is quite different. The large, smooth, flat flaw reflects the 
incident beam according to Snell's law; however, a small flaw reflects 
the ultrasonic energy in a broad sound field with a directivity pattern 
whose shape depends on the orientation and size of the defect with respect 
to wavelength [4]. Because of the broad-angle scattering behavior of the 
small flaw, the maximum response should occur where the flaw is at the 
center of the incident ultrasonic beam. In this configuration, 
directivity patterns from the flaw are wide and the wavefront that reaches 
the receiving element is nearly parallel to the face of the piezoelectric 
element. Therefore, a piezoelectric element smaller than a wavelength 
should not increase the detection performance over a normal-sized element 
for small flaws as much as for large flaws. 
DESIGN OF THE TRANSDUCER 
Two transducers were used in this study. The first was a 3/4 in. 
(19 mm) diameter, 5.0 MHz unit with an bandwidth of 40%. The second was 
a 3/4 in. (19 mm) diameter, broadbanded element with a center frequency 
of 3 MHz and a bandwidth of approximately 100%. In manufacture, a small 
hole was drilled in the center of each element and a 0.01 in. (0.25 mm) 
diameter, broadbanded miniature receiver probe was mounted in the hole. 
The two elements were electrically and acoustically isolated. Figure 1 
is a sketch of the design of the transducers. 
The receiving element in both transducers is less than one 
wavelength, thus providing a nondirectional directivity pattern in 
reception. The bandwidth of the elements, per ASTM E1065, is shown in 
Figure 2. 
DESIGN OF THE EXPERIMENT 
Since the objective of the experiment was to determine the influ-
ence of directivity, the targets chosen represented two boundary 
conditions. The first was a perfect reflector; namely a series of flat 
surfaces with accurately machined wedge angles. These wedge angle blocks 
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were machined at one-degree increments. In the second sets, a series of 
small EDM notches [0.1 in. (2.5 mm)] was machined into steel plates at 
different angles from zero to 30 degrees off an angle normal to the back 
surface. The zero-degree notch is approximately three wavelengths for 
a 3 MHz shear wave inspection. Figures 3 and 4 are sketches of these 
test blocks. 
The test was set up as an immersion, forty-five degree angle beam 
test and simulates an immersion weld inspection. A square wave pulser 
with a variable frequency (width) control was used as the pulser. The 
output of the 60 dB broadband receiver was displayed on an oscilloscope 
and the peak-to-peak voltage from the target was recorded. 
The ultrasonic system (pulser and receiver) is a broadband system. 
The initial step in the experiment was to record the pulse-echo response 
from the transducer, with the miniature receiver disconnected. The 
second step was to record the data from the same targets, using the 
large element as the transmitter and the miniature element as the 
receiver. This procedure permitted direct comparison between the pulse-
echo response from a directional transmitter-receiver and the pulse-
receive response from a directional transmitter and a nondirectional 
receiver. 
The procedure followed with the wedge angle blocks was to adjust 
the manipulator to obtain peak pulse-echo response from the 45-degree 
wedge. Following this, the transducer was moved across the series of 
wedge angle blocks and the responses recorded without changing the entry 
(incident) angle of the sound beam. The sequence was then repeated using 
3/4 in. (19 mm) transducer as the transmitter and the miniature 
transducer as the receiver. 
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The procedure with the EDM notch block series was similar, except 
that the response from the notch perpendicular to the back surface was 
used as the reference reflector. The angled notches were viewed from 
two directions to determine the influence of orientation, thus providing 
reflectors from minus thirty degrees, through zero, to plus thirty 
degrees. As with the wedge angle blocks, once the setup was made, the 
angle of the transducer was not changed. The only change was to switch 
from the pulse-echo mode to the pulse-receive mode of operation. 
EXPERIMENTAL RESULTS 
Because the objective is to study influences, all data are 
normalized to permit easier interpretation. To obtain the data from 
the miniature receiver, the gain of the broadband receiver was increased 
by approximately 30 dB. The results of the experiment are shown in 
Figures 5, 6, 7, and 8. 
Figure 5 shows the results from the wedge angle blocks using the 
5.0 MHz 3/4 in. (19 mm) transducer. The data shows that in the pulse 
echo mode, the response fell off rapidly and was 20 dB down at less than 
five degrees. However, the response from the miniature receiver nearly 
doubled the angle over which the response was obtained. Considering that 
this is a narrow band transducer, this fall-off is considered 
significant. 
Figure 6 shows the results from the wedge angle blocks using the 
broadbanded transducer with a center frequency of 3.0 MHz. In this 
instance the pulse echo response covered a wider range than the 5 MHz 
transducer, but still fell off rapidly. The response from the miniature 
receiver significantly enhanced the angle over which the response was 
obtained. This response closely follows the theory. 
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Figure 7 shows the response from the 0.1 in (2.5 mm) EDM notches 
using the 5.0 MHz 3/4 in. (19 mm) transducer. Two plots are recorded 
for the pulse-echo and miniature receiver responses. Since the EDM 
notches are cut at an angle that is perpendicular to the back surface, 
the notches have a preferred orientation and must be viewed from both a 
positive and negative direction to gain a full perspective of the 
response from these notches. This simulates flaws that lie within an 
angle of plus/minus 30 degrees from the perpendicular. The pulse-echo 
response of the notches, as viewed from the two directions, is modestly 
different. The response recorded using the miniature receiver nearly 
matches that of the pulse-echo response. These results are consistent 
with the theory discussed previously. 
Figure 8 shows the response from the EDM notches using the 
broadbanded transducer. In these results, the pulse-echo responses from 
the two directions is notably different in that the response, as viewed 
from the negative direction, is higher than the response from the 
positive direction. Further, while the responses from the miniature 
receiver are better from the positive direction, the responses from the 
negative direction are less favorable in that the response from the 
miniature receiver is actually below the pulse echo response. 
INTERPRETATION OF RESULTS 
The results from the flat reflector follow the theoretical 
predictions. In the initial review, the results from the EDM notches 
appear to be inconsistent. However, when the dimension-to-wavelength 
(d/X) ratio of the reflector is taken into consideration, the results 
are what should be expected. The differences between the pulse-echo 
responses in the positive and negative directions are related to the 
angle of the reflector with respect to the angle of insonification. 
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The results shown in Figure 7 show the miniature receiver response has 
a consistently higher response for both the positive and negative 
direction. The target itself is relatively small with respect to the 
large flat reflectors, and the pulse-echo directivity pattern will be 
much broader. 
CONCLUSIONS 
From these results, it can be concluded that the use of miniature, 
nondirectional receivers can enhance flaw detection and sizing of large 
flaws. Accordingly, there seems to be little advantage in using a 
miniature receiver for small flaws; however, it should be noted that the 
amplitude response from large flaws is significantly greater than for 
the small flaws. When the amplitude of the response is included in the 
results, which is not done in this article, there is no disadvantage to 
the use of the miniature receiver. This article does not address the 
responses from targets or flaws that lie between the large and small 
reflectors. These should be the subject of further studies. 
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